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ETCH STOP CONFIGURATION

Cross-reference to Related Applications

This application claims the benefit of priority under 35 U.S.C. § 119 of U.S.
non-provisional patent application no. 13/794,133, entitled “Etch Stop Configuration,” and
filed on March 11, 2013, which is specifically incorporated by reference herein for all that it

discloses or teaches.

Technical Field

The present invention relates generally to the field of media storage devices.

Background

Thermally assisted magnetic recording or heat assisted magnetic recording (HAMR)
generally refers to the concept of locally heating a recording medium to reduce the coercivity
of the medium. Such reduced coercivity allows the applied magnetic writing fields to more
casily direct the magnetization within the recording medium during the temporary magnetic
softening caused by the heat source. HAMR allows for the use of small grain media, with a
larger magnetic anisotropy at room temperature to assure sufficient thermal stability, which is
desirable for recording at increased areal densitiecs. HAMR can be applied to any type of
magnetic storage media including tilted media, longitudinal media, perpendicular media, and
patterned media. By heating the media, the K, or coercivity is reduced such that the magnetic
write field is sufficient to write to the media. Once the media cools to ambient temperature,
the coercivity has a sufficiently high value to assure thermal stability of the recorded
information.

In HAMR, information bits are recorded on a data storage medium at elevated
temperatures, and the data bit dimension can be determined by the dimensions of the heated
arca in the storage medium or the dimensions of an arca of the storage medium that is
subjected to a magnetic field. In one approach, a beam of light is condensed to a small optical
spot onto the storage medium to heat a portion of the medium and reduce the magnetic
coercivity of the heated portion. One example of a recording head for use in HAMR
generally includes a write pole and a return pole magnetically coupled to each other through a

yoke or pedestal, and a waveguide for focusing light onto the storage medium. The
1
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waveguide is positioned between the write pole and the return pole. Light is coupled into the
waveguide above the yoke and is transmitted through the waveguide on opposite sides of the

yoke.
Summary

This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed subject matter, nor is it intended to
be used to limit the scope of the claimed subject matter. Other features, details, utilities, and
advantages of the claimed subject matter will be apparent from the following more particular
written Detailed Description of various implementations and implementations as further
illustrated in the accompanying drawings and defined in the appended claims.

A method of making a transducer head disclosed herein includes depositing a spacer
layer on an NFT layer of the transducer head, forming an etch stop layer on a spacer layer of
a transducer, depositing a cladding layer on the etch stop layer, and milling the cladding layer

at a sloped angle such that the milling stops at the etch stop layer.

Brief Description Of The Drawings

The described technology is best understood from the following Detailed Description
describing various implementations read in connection with the accompanying drawings.
These drawings are for illustration purposes and one or more of the dimensions of these
drawings may not be to scale.

FIG. 1 illustrates an example schematic representation of a recording device including
a transducer head according to the implementations disclosed herein.

FIG. 2 illustrates an alternative schematic representation of a cross-sectional view of a
portion of a transducer head according to the implementations disclosed herein.

FIG. 3 illustrates a stage in the process for forming a notched recording head
according to the implementations disclosed herein.

FIG. 4 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein.

FIG. 5 illustrates another stage in the process for forming a notched recording head

according to the implementations disclosed herein.
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FIG. 6 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein.

FIG. 7 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein.

FIG. 8 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein.

FIG. 9 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein.

FIG. 10 illustrates an alternative schematic representation of an air-bearing surface
view of a transducer head according to the implementations disclosed herein.

FIG. 11 illustrates a flowchart of a process for manufacturing a transducer head
disclosed herein.

Detailed Description

FIG. 1 illustrates a perspective view of an example recording device 100 including a
transducer head using an NFT according to the implementations disclosed herein. The
recording device 100 includes a disc 102, which rotates about a spindle center or a disc axis
of rotation 104 during operation. The disc 102 includes an inner diameter 106 and an outer
diameter 108 between which are a number of concentric data tracks 110, illustrated by
circular dashed lines. The data tracks 110 are substantially circular and are made up of
regularly spaced patterned bits 112, indicated as dots or ovals on the disc 102 as well as in an
exploded view 140. It should be understood, however, that the described technology may be
employed with other types of storage media, including continuous magnetic media, discrete
track (DT) media, etc.

Information may be written to and read from the bits 112 on the disc 102 in different
data tracks 110. A transducer head 124 is mounted on an actuator assembly 120 at an end
distal to an actuator axis of rotation 122 and the transducer head 124 flies in close proximity
above the surface of the disc 102 during disc operation. The actuator assembly 120 rotates
during a seck operation about the actuator axis of rotation 122 positioned adjacent to the
disc 102. The seek operation positions the transducer head 124 over a target data track of the
data tracks 110.

The exploded view 140 illustrates data tracks 142 and a transducer head 150 (not to

scale) located over the data tracks. The example transducer head 150 includes a write pole
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152 and a near field transducer (NFT) 154 located near the write pole 152. In the example
implementation, the surface of the write pole 152 facing the NFT 154 has a notch 156. In the
illustrated implementation, the notch 156 has a curved shape. However, in an alternative
implementation, the notch 156 may have other shape, such as a rectangular shape, a square
shape, a triangular shape, etc. Alternatively, the write pole 152 may have a flat surface
without a notch. In the illustrated implementation, the NFT 154 is positioned in the notch 156
such that the NFT intersects the surface of the write pole 152 facing the NFT 154.

The transducer head 150 also includes a core 158 that is located on the other side of
the NFT 154 from the write pole 152. The transducer head 150 may also include other
components, such as top cladding, lower shield, reader sensor, top shield, heat sink, etc., that
are not shown in the illustrated implementation of the transducer head 150. The distance
between the innermost point of the notch 156 and the NFT 154 is referred to herein as the
NFT-to-pole spacing (NPS). On the other hand, the distance between the surface of the write
pole 152 facing the NFT and the core 158 is referred to as the core-to-pole spacing (CPS).
Various processes discussed in this application allow controlling the NPS and/or the CPS
using a spacer layer during the manufacturing of the transducer head 150.

FIG. 2 illustrates an alternative schematic representation of a cross-sectional view of a
portion of a transducer head 200 according to the implementations disclosed herein.
Specifically, FIG. 2 illustrates the transducer head 200 having an air-bearing surface 202 that
faces recording medium. The transducer head 200 includes a write pole 204 separated by an
NFT 206 by a NPS distance of 208. In one implementation of the transducer head 200, the
NFT 206 also includes an NFT heat sink. Additionally, the transducer head 200 may also
include a core 210, a cladding 212, and an optional heat sink 214. It is typically difficult to
control the NPS distance 208 at the ABS 202. Various processes discussed in this application
allow controlling the NPS distance 208 using a spacer layer during the manufacturing of the
transducer head 150.

FIG. 3 illustrates a stage in the process for forming a notched recording head
according to the implementations disclosed herein. Specifically, FIG. 3 illustrates a partial
transducer head 300 with a core 302 with a thin layer 304 of diclectric material disposed
thereupon. The partial transducer head 300 also includes an NFT with an NFT peg 306, an
NFT disc 308, and an NFT heat sink 310. While the implementation of the partial transducer
head 300 illustrates the NFT heat sink 310 to have a rectangular shape, in other
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implementations the NFT heat sink 310 may also have other shape, such as trapezoidal, etc.
In one implementation, the partial transducer head 300 is lapped along an air-bearing surface
(ABS) 312 such that a part of the NFT peg 306 is exposed to the ABS 312.

FIG. 4 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein. Specifically, FIG. 4 illustrates a partial
transducer head 400 with a core 402 with a thin layer 404 of dielectric material disposed
thereupon. The partial transducer head 400 also includes an NFT with an NFT peg 406, an
NFT disc 408, and an NFT heat sink 410. The partial transducer 400 may be lapped along an
air-bearing surface (ABS) 412 such that a part of the NFT peg 406 is exposed to the ABS
412. The partial transducer 400 also includes a spacer layer 420 deposited on the NFT and the
heat sink 410. In one implementation, the spacer layer 420 may be made of an oxide of
Aluminum. However, other material such as silicon oxide or other suitable material may also
be used for the spacer layer 420. In one implementation of the transducer, an atomic layer
deposition (ALD) process is used to deposit the spacer layer 420. However, in alternative
implementations, other deposition process may be used to deposit the spacer layer 420.
Specifically, the spacer layer 420 is introduced during the manufacturing of the transducer to
control the pole to core spacing or the pole to NFT spacing at the ABS 412. The thickness of
the spacer layer 420 may be accurately controlled and/or varied by the ALD process.

FIG. 5 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein. Specifically, FIG. 5 illustrates a partial
transducer head 500 with a core 502 with a thin layer 504 of diclectric material disposed
thereupon. The partial transducer head 500 also includes an NFT with an NFT peg 506, an
NFT disc 508, and an NFT heat sink 510. The partial transducer 500 also includes a spacer
layer 520 deposited on the NFT and the heat sink 510. Furthermore, a photo resist (PR) etch
stop layer 522 is formed on at least part of the spacer layer 520.

Alternatively, the etch stop layer 522 may be made of a patterned etch-stop structure
made of a thin amorphous carbon (a-C) material. Specifically, such a-C pattern may be made
by a process flow including deposition, lithography, and etch process flow. Alternatively, the
a-C pattern may be made of a process flow including lithography, deposition, and liftoff. The
etch stop layer 522 made of a-C may be cleanly removed by O2 ash. Yet alternatively, the
etch stop layer 522 may be made of a metal. Such metal etch stop layer 522 provides high

selectivity during a subsequent slope wall milling process. An example of such metal etch
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stop layer may be a chromium (Cr) etch stop layer. Such Cr etch stop layer may be later
removed by a Cr wet etching process. In alternative implementations, other metals may also
be used for forming the etch stop layer 522.

FIG. 6 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein. Specifically, FIG. 6 illustrates a partial
transducer head 600 with a core 602 with a thin layer 604 of dielectric material disposed
thereupon. The partial transducer head 600 also includes an NFT with an NFT peg 606, an
NFT disc 608, and an NFT heat sink 610. The partial transducer 600 also includes a spacer
layer 620 deposited on the NFT and the heat sink 610. Furthermore, a photo resist (PR) etch
stop layer 622 is formed on at least part of the spacer layer 620. In addition, the transducer
head 600 also includes a top cladding layer 624. In one implementation, the top cladding
layer is made of the same material as the spacer layer 620.

After the deposition of the top cladding layer 624, the cladding layer 624 and the NFT
heat sink 610 are etched using a reactive ion beam etching process in the direction illustrated
by the lines 630, 632. Specifically, providing the PR etch stop layer 622 allows the etching to
be completed in such a manner such that the NFT-to-pole spacing (NPS) at the ABS can be
controlled. Specifically, providing the PR etch stop layer 622 allows the precise positioning
of a sloped wall etch to vary as illustrated in FIG. 6, and still control the NPS at the ABS. In
other words the quality of the NPS is protected even with the variation of etching from 632
to 630. In one implementation, the etching is accomplished using sloped wall mill process.

FIG. 7 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein. Specifically, FIG. 7 illustrates a partial
transducer head 700 with a core 702 with a thin layer 704 of dielectric material disposed
thereupon. The partial transducer head 700 also includes an NFT with an NFT peg 706, an
NFT disc 708, and an NFT heat sink 710. The partial transducer 700 illustrates a partial
cladding layer 724 that remains on the transducer head 700 after an etching process that
removes part of the cladding layer 724 and the heat sink 710. The partial transducer head 700
also includes a PR etch stop layer 722. In an implementation, a surface 726 of the PR etch
stop layer 722 facing the NFT heat sink 722 may be parallel to the surface 728 of the NFT
heat sink 722 facing the PR etch stop layer 722. As a result, when the cladding layer 724 is
etched, the resulting space between the NFT peg 706 and a write pole (not shown) at an ABS
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740 is substantially constant irrespective of the position of the etching of the cladding layer
724 and the heat sink 710 or the position of the ABS 740 along the length of the NFT.

FIG. 8 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein. Specifically, FIG. 8 illustrates a partial
transducer head 800 with a core 802 with a thin layer 804 of diclectric material disposed
thereupon. The partial transducer head 800 also includes an NFT with an NFT peg 806, an
NFT disc 808, and an NFT heat sink 810. As illustrated in FIG. 8, the partial transducer head
800 does not include any PR layer as the PR layer is removed by a strip and an oxygen
etching process. In one implementation where the etch stop layer is made of photo resist
material, the etch stop removal process may be implemented using an oxygen ash and strip.
Alternatively, where the etch stop layer is made of amorphous carbon, the etch stop removal
process may use oxygen ash to remove the etch stop layer. Yet alternatively, where the etch
stop layer is made of chromium, the etch stop removal process may be implemented using a
chromium wet etch process.

Subsequent to the etch stop removal process, the partial transducer 800 includes a
spacer layer 820 on top of the NFT peg 806 and the heat sink material 810. Additionally, the
partial transducer 800 also includes cladding layer 824 deposited on the dielectric material
804 and the heat sink 810.

FIG. 9 illustrates another stage in the process for forming a notched recording head
according to the implementations disclosed herein. Specifically, FIG. 9 illustrates a partial
transducer head 900 with a core 902 with a thin layer 904 of dielectric material disposed
thereupon. The partial transducer head 900 also includes an NFT with an NFT peg 906, an
NFT disc 908, and an NFT heat sink 910. Additionally, the partial transducer 900 includes a
spacer layer 920 on top of the NFT peg 906 and the heat sink material 910 and a cladding
layer 924 deposited on the dielectric material 904 and the heat sink 910. A write pole layer
930 is formed on the top surface of the partial transducer 900 such that the write pole layer
930 is in contact with the spacer layer 920, the heat sink 910, and the cladding layer 924. The
partial transducer 900 may be lapped along the ABS 932 such that the spacer layer 920
provides the NPS between the write pole 930 and the NFT peg 920 at the ABS 932.

FIG. 10 illustrates an alternative schematic representation (not to scale) of an air-
bearing surface (ABS) view 1000 of a transducer head according to the implementations

disclosed herein. Specifically, the ABS view 1000 discloses a write pole 1002 with a notched
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surface facing an NFT 1004 and a core layer 1006. The write pole 1002 may be surrounded
by a heat sink material 1008 and separated from a first return pole 1012 by a cladding layer
1010. The transducer head 1000 also includes another return pole 1014 that is separated by a
bottom cladding layer 1016 from the core 1006. Furthermore, a reader structure of the
transducer head 1000 also includes a top shield 1022 and a bottom shield 1024 on opposite
sides of a reader sensor 1026. The spacing between the NFT 1004 and the write pole 1002,
also referred to as the NFT-to-pole spacing (NPS), is controlled during the manufacturing of
the transducer head 1000 by using a spacer layer and a photo resist.

FIG. 11 illustrates a flowchart of a process 1100 for manufacturing a transducer head
disclosed herein. Specifically, the process 1100 includes various operations for
manufacturing a transducer head while controlling the NFT-to-pole spacing (NPS). The
manufacturing of the transducer head may start with a core layer, which may be made of
Ta,0s or other similar material. An operation 1102 deposits a thin dielectric layer on the core
layer. Subsequently, an operation 1104 forms the NFT and heat sink layer on the dielectric
layer. The NFT may be for example, a lollipop type NFT with a peg and a disc. The heat sink
may be made of a non-magnetic material, such as for example Au.

Subsequently, an operation 1106 deposits a spacer layer on the NFT, heat sink, and
the dielectric layer. The thickness of the spacer layer may be accurately controlled and varied
by an atomic layer deposition (ALD) process. Following the deposition of the spacer layer an
operation 1108 forms an etch stop layer on the spacer layer. In one implementation, the etch
stop layer is a single photo resist (PR) layer. The placement of the etch stop can be very well
controlled using advanced lithography processes and the precision in the placement of the
etch stop layer as a single photo resist is limited only by the capability of such advanced
lithography process.

Alternatively, the etch stop layer may be made of a patterned etch-stop structure made
of a thin amorphous carbon (a-C) material. Specifically, such a-C pattern may be made by a
process flow including deposition, lithography, and etch process flow. Alternatively, the a-C
pattern may be made of a process flow including lithography, deposition, and liftoff. The etch
stop layer made of a-C may be cleanly removed by O, ash. Yet alternatively, the etch stop
layer may be made of a metal. Such metal etch stop layer provides high selectivity during a

subsequent slope wall milling process. An example of such metal etch stop may be a
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chromium (Cr) etch stop. Such Cr etch stop may be later removed by a Cr wet etching
process.

After forming of the etch stop layer, an operation 1110 deposits a top cladding layer.
Subsequently, an operation 1112 removes parts of the top cladding and the heat sink material
using a sloped wall milling process. In one implementation, the angle of the sloped wall
milling process is such that the spacer layer between the etch stop layer and the NFT is not
milled. The spacer layer is protected from being milled because of the etch stop layer. As a
result of the sloped wall milling process, the etch stop layer remains in place over the spacer
layer. Subsequently, an operation 1114 is used to remove the etch stop layer. The removal of
the etch stop layer results in a partial transducer head that has a uniform spacer layer on top
of an NFT peg.

Furthermore, the slope of the remaining spacer layer resulting from the sloped mill
process and the slope of the heat sink layer are such that irrespective of the positioning of the
air-bearing surface (ABS) along the length of the transducer the thickness of the spacer layer
remains substantially constant. Such substantially constant thickness of the spacer layer
allows for substantially uniform NFT-to-pole spacing (NPS) in the resulting transducer at the
ABS. An operation 1116 forms a write pole layer on top of the spacer layer, the sloped pole
heat sink layer and the sloped top cladding layer. In one implementation, the write pole layer
may be made of a magnetic material such as CoNiFe, etc. After forming of the write pole, an
operation 1118 cuts the partial transducer head along an air-bearing surface (ABS) such that
the NPS is preserved to a desired value.

The above specification, examples, and data provide a complete description of the
structure and use of exemplary embodiments of the invention. Since many embodiments of
the invention can be made without departing from the spirit and scope of the invention, the
invention resides in the claims hereinafter appended. Furthermore, structural features of the
different embodiments may be combined in yet another embodiment without departing from
the recited claims. Although the present invention has been described with reference to
preferred embodiments, workers skilled in the art will recognize that changes may be made in
form and detail without departing from the scope of the invention. The implementations

described above and other implementations are within the scope of the following claims.
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Claims

What is Clamed is:

1. A method comprising:

depositing a spacer layer on an NFT layer of a transducer head;

forming an etch stop layer on a spacer layer of a transducer;

depositing a cladding layer on the etch stop layer; and

milling the cladding layer at a sloped angle such that the milling stops at the etch stop

layer.

2. The method of claim 1, further comprising:
removing the etch stop layer; and

forming a write pole layer on the milled transducer head.

3. The method of claim 2, further comprising, lapping the transducer head to

form an air bearing surface.

4. The method of claim 2 wherein forming an etch stop layer further comprises

forming an etch stop layer made of amorphous carbon.
5. The method of claim 4, wherein forming an etch stop layer made of
amorphous carbon further comprises forming an etch stop layer made of amorphous carbon

using a process flow including deposition, lithography, and etching.

6. The method of claim 4, further comprising removing the etch stop layer made

of amorphous carbon using O, ash.

7. The method of claim 2 wherein forming an etch stop layer further comprises

forming an etch stop layer made of metal.

8. The method of claim 7, further comprising removing the etch stop layer made

of metal using metal wet etch.

10
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9. The method of claim 2, wherein the spacer layer is made of silicon oxide.

10. A method, comprising:

forming an etch stop layer on a partially manufactured transducer head having a
spacer layer, an NFT layer, and a cladding layer;

milling the transducer head at a slope such that the milling stops at the edge of the
etch stop layer; and

removing the etch stop layer after the milling.

11. The method of claim 10, wherein the etch stop layer is made of a photo resist
material.
12. The method of claim 11, wherein removing the etch stop layer further

comprises removing the etch stop using an oxygen ash and a resist strip process.

13. The method of claim 10, wherein the etch stop layer is made of amorphous

carbon.

14.  The method of claim 13, wherein removing the etch stop layer further

comprises removing the etch stop using a dry oxygen ash or etch process.

15. The method of claim 10, wherein the etch stop layer is made of metal.

16.  The method of claim 15, wherein removing the etch stop layer further

comprises removing the etch stop using a metal wet etch process.

17. A partial transducer head, comprising:
a core layer;

a spacer layer;

a near field transducer (NFT) layer; and

an etch stop layer formed at least partially on the spacer layer.

11
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18. The partial transducer head of claim 17, further comprising a write pole layer

formed on the etch stop layer.

19. The partial transducer head of claim 17, wherein the etch stop layer is made of

amorphous carbon.

20. The partial transducer head of claim 17, wherein the etch stop layer is made of

at least one of (i) metal and (i1) photo resist.

12
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